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Using Networked Hand-Held Computers to Enhance Learning

(Pre-Proposal)

Increasingly, students and instructors have hand-held computers, such as Palm Pilots and Windows CE devices. This trend can only accelerate as the devices get more affordable and more functional, and as new sizes are developed, such as inexpensive tablet computers. We propose a broad multi-disciplinary research project to study many ways for using hand-held computers connected to a wireless network in educational settings. For example, the instructor’s hand-held can be used to make the presentation of lectures and labs go more smoothly. The student’s hand-helds can be used to make note-taking more effective, to support testing and voting, to encourage full-class participation in discussions, and to facilitate group interactions. We will leverage off of a number of existing efforts to make this research possible, including: the ubiquitous “Wireless Andrew” network at Carnegie Mellon University which allows hand-helds to communicate with each other and with the instructor’s computer; a grant from Hewlett-Packard of $304,000 in equipment which will include 330 hand-held computers; and on-going collaborations with a number of professors who are committed to using the proposed technology in their classrooms. The proposed grant is necessary to explore the educational applications of these technologies.

This research will involve developing, deploying and evaluating many technologies, including the following:

· Software to support note-taking. Research has shown that the most effective note-taking style is the “skeleton-notes” approach, where students are given part of the lecture material. Distributing this material, along with the professor’s materials, electronically to the students’ hand-helds rather than on paper will have a number of advantages to the instructor and the student. The research will include studying the appropriate techniques for note-taking on devices with various sizes and input/output methods.

· Software to support in-class quizzes, grading homeworks, and voting. Questions will be distributed in real-time to the student’s hand-helds in class, and students will answer using the hand-held. This will allow instructors to immediately gauge student knowledge. This can also be used to encourage full-class participation, since the instructor can easily monitor who has answered questions. These techniques have been conclusively demonstrated to increase learning.

· Networking software to support secure and flexible protocols for use over a wireless network. In particular, we need reliable multicast so the professor can efficiently send images to all hand-helds in the class, and security so that cheating during tests given on the hand-helds can be detected and prevented. We will extend our existing work on active networks and intelligent proxies to meet these new requirements.

· Software to support collaboration, communication and management of group work products. Effective teamwork is increasingly important in today’s workplace and in the workplace of tomorrow. To prepare students for the realities of the workplace, their academic experience now often includes substantial team-based projects. Having software on hand-helds to help with group activities will enable students to use team-support tools wherever they work and meet.

An important component of our proposal is the significant multi-disciplinary participation across the campus. To achieve the proposed objectives, we will need to perform basic research in the areas of Computer Science and Networking, Human-Computer Interaction, Computer-Supported Cooperative Work, and Educational Technology. Members of our team specialize in each of these areas. We also have faculty who are enthusiastic about using these technologies in various large courses in Chemistry, Statistics, Social and Decision Sciences, and Computer Science. Furthermore, Carnegie Mellon’s Center for Innovation in Learning and the new Office of Technology in Education will be actively involved to help insure that the technology does enhance learning.

Many of the areas of the ITR solicitation are addressed in our proposal, including Information Technology Education and Workforce (for education), Human-Computer Interaction (for ubiquitous computing, interfaces for school children, and collaborative use of computer systems and networks), and Scalable Information Infrastructure (for scalable mobile wireless access). 
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1. Introduction

There are many signs of the approach of the “ubiquitous computing” [20] era. People are carrying Personal Digital Assistants (PDAs), such as Palm Pilots or Windows CE devices, and therefore have computing with them everywhere. “Smart Environments,” where computing is embedded in offices and homes, are becoming a reality. Already, most conference rooms and classrooms at Carnegie Mellon University (CMU) have a built-in computer with a projector. And of course, every professor and most students have at least one computer on their desks in their offices. Most companies are similar, since virtually every white-collar worker today uses a computer. Homes are just starting to be set up with embedded computing [11].

One aspect of this technology that has not been adequately studied is how a user will use multiple devices at the same time, so the devices work seamlessly together. Most of the research and development about hand-held computers has focused on how they can be used to replace conventional computers for when a regular computer is not around. The conventional model for PDAs is that the data is “synchronized” with a regular computer once a day using the supplied cradle, and otherwise the PDA works independently. This will soon change. CMU has installed a Wavelan wireless network throughout the campus, in a project called “Wireless Andrew” [8]. Many Windows CE hand-held computers can be connected to this wireless network using a Wavelan PCMCIA card. Next year, the BlueTooth standard for small device wireless radio communication [5] will finally be available, and most PDAs, cell-phones, and other computerized small devices are expected to support it. Therefore, we expect that connecting the PCs and hand-helds together will no longer be an occasional event for synchronization.

Instead, the devices will frequently be in close, interactive communication.
The proposed research studies how such communicating hand-held computers can enhance the learning experience for students, and the teaching experience for instructors. We are primarily aiming at university education as our application area. This is appropriate since introductory classes tend to include large lectures, which are well known to be a less effective way to learn material. Techniques like those that we will use on hand-helds have been demonstrated to improve learning in large classes. Also, many classes include collaborative group projects that are currently not being supported by technology. These group projects form an excellent test-bed for our collaborative technologies. We expect that much of the proposed research will also apply to K-12 education, especially the results on testing and encouraging full-class participation. Much of the research will also be relevant to work situations, especially presentations and meetings, since these have many aspects in common with educational activities.

2. Research Overview

There are many important issues that must be investigated before hand-helds can be effectively integrated into a seamless academic information environment. We propose research in many areas in order to make these technologies truly useful:

Research in Human-Computer Interaction (HCI) and Computer-Supported Cooperative Work (CSCW):

· Multi-Device User Interfaces: We will investigate the most effective ways to have a user interface across the multiple devices that a person has available at the same time. For example, when an instructor is using a hand-held computer to control a presentation running on a laptop, part of the user interface will be on the laptop and part will be on the hand-held. Although there is much research on multi-modal user interfaces (e.g., using speech and gestures at the same time), there has been little prior work on using multiple computing devices at the same time.

· Fluid Information Exchange: New research is needed on user interface techniques for fluid information exchange and sharing among the hand-helds and regular computers. The “hot-sync” model of today’s PDAs, and the conventional mechanisms for regular computers, are extremely awkward for group sharing of information across different devices. Our prior work on “clipboard sharing” [13] where you can move information using a Copy operation on one device and a Paste operation on another, as well as work by others on “Pick-and-Drop” [17] and other techniques, will be useful starting points, but more work is needed.

· UIs for Different Devices: Most of today’s HCI research focuses on screens of approximately the same size with approximately the same input devices. However, hand-held computers have significantly different size screens with very different input technologies. For example, the Palm Pilot screen is 140 by 140 pixels and grayscale, the Cassiopeia E-10’s screen is 240 by 320 grayscale, the NEC MobilePro 750C PDA is 640 by 240 in color, and future versions may be even more diverse. For input, the palm-size PDAs use a gestural alphabet on a touch screen with a few hardware buttons, whereas other PDAs have tiny keyboards. In a university environment, students and faculty use a variety of devices. Therefore, we will study user interface techniques that can span all these devices, as well as architectures that allow the software designer to specify the user interface once and have it automatically be adapted to the characteristics of each device.

· Group Configuration Control: One important, but little explored, area is configuration set-up and control. When 200 students walk into a classroom, they will need to be quickly logged in to the class group so they can get the material specifically for the current class. When three people meet in a room, they should be able to quickly form a sub-group. The Wavelan wireless technology by design does not identify where people are physically, so a different mechanism is required. We might use the Infrared communication built into most hand-held devices as a short-range set-up mechanism. Another approach might be to use a server machine on the network to help with group formation. Both systems and user interface issues are important because if it is awkward for users to identify themselves (log in) and connect to the appropriate groups, the technologies will unduly delay classes and meetings, or will simply not be used.

· Transparent Group Support: We want to provide technological support for group work with as little overhead as possible, so the technology is “transparent” to users. There have been many technologies created to support group work. Some have shown promise, and a few have been demonstrated to significantly improve group performance on specific tasks, such as brainstorming and organizing [9, 16]. Currently, most of these (such as Group Decision Support Systems – GDSSs) are physically bound to rooms with built-in computers, significantly decreasing their usefulness and making impromptu meetings virtually impossible. With hand-held computers, these techniques can be used whenever and wherever they are needed. We will investigate which of the established group support techniques can be effectively used by small and large groups of students for group projects and group meetings. We will also develop new techniques specifically targeted at students’ needs.

Research in Computer Science and Systems:

Efficient Reliable Multicast: When the instructor displays a new view or slide on the main screen in a classroom, all of the students’ hand-helds should be sent the image so students can immediately begin taking notes on it. Since each image may be half a megabyte, we don’t want to send it individually to 200 hand-helds. Therefore, a technique is needed to reliably send (“multicast”) the picture to all the students at the same time.

Security for Wireless Communication: When the instructor is using the hand-helds to administer a test, we must insure that one student does not send back answers claiming that they came from a different student. Furthermore, we want to prevent students from conferring with each other by sending messages using their hand-helds. The instructor may also want to prevent students from accessing the Internet while taking a test. We will investigate mechanisms to reliably monitor and control the network communication to solve these issues.
· Supporting Multi-Device Interfaces: We will create libraries that support architectures and protocols for having applications that span multiple computing devices at the same time. Today, developing a multi-device application is more than twice as difficult as a conventional application, and we propose to provide tools to make this much easier.

· Synchronizing Notes to Simulations: We (and others) already have techniques so that the notes that a student takes on their hand-held can be synchronized with a PowerPoint or web-based presentation. We propose to extend this to provide an architecture where the notes can be connected to specific points in many other kinds of presentations, including live simulations. Then, it will be much easier later for students to re-create the simulations, and see their notes in context. The challenge is to provide tools that will make implementing these connections easier.

Research in Educational Technology:

“Concept Tests” and other “Active Learning” Techniques on Hand-Helds: It is an unfortunate reality that much of a student’s time is spent in traditional lecture courses where one-way communication encourages them to become passive recipients of information rather than active learners. Discussion and project courses help remedy this, but lecture courses will remain a predominant component of education and so it is well worth exploring ways to improve the standard lecture format. A particularly successful intervention has been the use of “concept tests” [12], in which the instructor poses a conceptual multiple-choice question at several points in a lecture. Students both discuss the question with their neighbors and then indicate their answer. The success of this simple intervention clearly indicates the benefits to be gained by bringing routine and inclusive two-way communication into lecture courses. We propose a qualitative improvement in the flexibility of this two-way communication, by providing every student in a course with a hand-held computer that communicates with the instructor’s computer via Wireless Andrew. The research involves evaluating and refining this and other “active learning” techniques for use with hand-helds.  Also good for anonymous queries: Does everyone understand?
Students’ Note-Taking: The “skeleton-notes” approach to note taking, whereby students are given handouts that contain part of the lecture material (such as figures, problem statements etc.) with large spaces for students to take notes, has been demonstrated to be one of the most effective for learning. We propose to implement this and other note-taking strategies on hand-helds. The advantages of electronic notes are that they would be searchable, and the teacher could be sure everyone has an up-to-date copy of the material without the trouble of printing a lot of papers before hand. These notes will be linked to the current slide, so that later the student will be able to review their notes in context. **From Sara: don't want simply to download an instructor's slides to the PDA. We want the students to be able to annotate the slides (add notes, underlining, comments) in a way that helps them recall both the lecture and the context (e.g., other students' questions, who else was there, name of guest speaker). We also want to add date, day, time, place, instructor's name, course and other contextual information (unlike many files that are lost in a mass of others). There is evidence of increased learning when one can recall both the material and the context in which it was learned [19]. Taking advantage of the wireless network, we will not need to download the entire presentation to the hand-held (since it may not fit in many cases), and instead we will only keep track of the notes and the links to the presentation. After the lecture, the links will retrieve the presentation off of the Internet, and synchronize the notes appropriately.

· Supporting Student Groups: Today’s workplace increasingly emphasizes teamwork. At CMU, students complete substantial-sized team projects as part of their courses, often for real clients. Students in these project courses deal with all of the challenges common to industry project teams – difficulty in coordinating schedules, synchronizing and stabilizing their work products, and communicating effectively with each other. Effective coordination, communication, and use of shared resources are crucial skills for team members to master. The use of high quality electronic tools to support development team efforts can play an important and useful role in facilitating successful team collaboration and project development. We propose to investigate how the existing techniques for group support can be adapted for hand-held computers, and what new techniques arise from the ability to carry these devices around while students are still communicating. We expect this to enable a whole new class of group support tools.

3. Why at CMU?

Our group at CMU is uniquely qualified to investigate these issues. This stems from a number of scientific and organizational features of our team and the university. First, CMU provides significant encouragement to interdisciplinary research, which is clearly required to study the issues around networked use of hand-helds in education. Many of us belong to units that are inherently interdisciplinary – the Human-Computer Interaction Institute is comprised of faculty from Computer Science, Psychology, Design and others, and the Center for Innovation in Learning (CIL) has faculty from Physics, Psychology and others. We have experience working together and supporting and managing large projects that span many areas.

Another advantage we have is the significant existing research here on hand-helds, networks, educational technology and other areas. As discussed below, we have significant on-going research projects that can supply some of the needed expertise and technology. This will also allow our proposed project to get off the ground quickly. Furthermore, CMU, and the principals on this proposal in particular, have a long tradition of developing systems that are robust enough to be deployed and widely used.

CMU has a long-term commitment to using and studying effective ways to use technology in education, as demonstrated by the Center of Innovation in Learning (CIL), the Technology Enhanced Learning Lab, and the new Office of Technology in Education. CMU provides funding and support for faculty who want to use technology in classes, and a number of faculty in Chemistry, Statistics, Decision Sciences, Computer Science and others, have committed to using the software proposed here when it is ready. Furthermore, we are one of the few sites that have demonstrated through formal evaluation significantly improved learning using educational technology. CIL, which will act as consultants for this work, carries out serious research and development in the area of undergraduate education, including studies of student learning, development of novel curricula, and assessment of courses (e.g., [1, 18]). CIL faculty members have extensive experience with the use of technology in undergraduate education. Given the extensive development of the technology required to make handheld devices useful in education, it is premature to engage in formal formative or summative assessment. However, CIL will consult on assessment and on setting priorities for which technological capabilities are more likely or less likely to be productive educationally. CIL will also provide valuable advice on how best to try out innovations in ongoing classes.

Finally, with the Wireless Andrew project [8], Carnegie Mellon University has created a test bed for seamless access to wireless data services that uses high-speed wireless local area network (Lucent’s Wavelan) technology. Our infrastructure is the largest wireless LAN anywhere. With Wireless Andrew, users can roam about the campus and access the Internet and other networks from laptop and hand-held computers while wireless connections are maintained automatically. This makes the mobile computer as effective for most purposes as a wired desktop machine – but far more convenient. Furthermore, since the devices can be carried into environments where there are existing computers, many multi-device issues arise. The Wireless Andrew infrastructure now has more than 100 base stations and provides data services at speed of two megabits per second to about half the campus area. During academic year 1999-2000 we are extending the high-speed wireless service to the entire campus, installing about 400 base stations. This expansion has major support from Lucent Technologies and additional support from Cisco Systems. Hewlett Packard has agreed to donate 330 hand-held computers of various kinds, valued at $304,000, to support research into educational uses of wirelessly-connected hand-helds. The research proposed here will enable us to fully investigate some of the exciting educational applications of this technology, and the HCI and CS research issues that arise.
Research on Using Hand-helds and PCs Together

**don’t emphasize the progress already, but the new stuff**

One foundation for the proposed research is the substantial progress already made in the Pebbles project on using multiple hand-held computers at the same time as a desktop or laptop PC [13-15]. We are studying group use of hand-helds in meetings, so that each person can use their hand-held to control the PC’s cursor and keyboard. Another application allows a presenter to use PowerPoint on a PC in the regular way, but to use a hand-held to change slides, to view a thumbnail of the slide, to hand-write notes and scribbles, to see the notes attached to the slide, and to see the list of titles of all slides. We propose to extend this application to handle the student’s note-taking. The Pebbles project has developed a preliminary architecture that will be expanded to support the multi-device applications proposed here.

4. Intelligent Networking Support

Having groups of students use a variety of hand-held devices for tasks such as group projects, informal collaboration and exams raises significant new challenges for the network. We focus on two areas of research: traffic control and the use of intelligent “proxies” (a server that supports mobile devices is sometimes called a “proxy” because it connects the mobile host to the wired network). Hand-held devices hold the promise of ubiquitous connectivity, but in some environments, it may be important to restrict connectivity. For example, in an exam, the students may be allowed to access certain resources over the network (e.g. a compute server that runs simulation tools that are needed for some of the problems, or a specific web server with data sets), but other types of communication are prohibited (e.g. searching the course web site or chatting with fellow students). Meeting these constraints requires traffic policing at a much finer granularity than is done today. We propose a network monitor for all of the wireless traffic in the classroom that will check for violations. This is non-trivial task for a variety of reasons. First, the hand-held devices are owned by students and are thus not “trusted,” i.e., we can make only minimal assumptions about the software on the hand-held devices. Second, whether traffic is acceptable depends in part on the applications that send and receive the traffic, so the monitor will have to consider application headers in the packet, not only the traditional network headers. Finally, what traffic is allowed depends heavily on the context, i.e. the specific exam, the policy on what collaboration is allowed, etc., so the system must be very flexible. To achieve these goals, we will use “active networking” techniques, where application- or user-specific functionality can be introduced in the network. This will be an extension of our on-going Darwin research project [2].

A second problem is that hand-held devices have relatively limited resources (CPU cycles, memory, network bandwidth, etc.). Given that hand-held devices (or more generally, portable computers) can have very different capabilities, a server that performs computation on behalf of such a device will often have to customize the task to the capabilities of the device. There has been much research in the area of proxies for mobile devices (e.g. [4, 10]). However, most of this work has focused on supporting fairly generic services, such as distilling web pages [3]. In contrast, our educational environment will need more specialized services. Different courses will need types of services that are specialized for the educational environment. We propose to perform research on supporting such specialized proxies, using application-specific “multicast” as our focus since it plays a central role in this environment. Multicast is a way of transmitting the same information to a large number of destinations. With the right support in the network, multicast can use the network much more efficiently since it only requires the source to send the message once instead of sending one copy of the message for every receiver. Multicast is especially important in wireless environments where bandwidth is a limited resource. In our context, we need application-specific multicast in the sense that different groups of receivers may need slightly different versions of the data because of the diversity of the hand-held devices or differences in the requirements of some of the receivers. We plan to use proxies to perform the necessary translation of the information for groups of receivers.

5. Educational Applications

A clear signal from education research is the value of active learning in college classes in contrast to passive listening [6]. Such activities in large lectures include “concept tests” [12], group problem-solving [7], and desktop experiments [1]. Activities in recitation sections include tutorials (McDermott), group problem-solving (Heller), desktop experiments (Chabay & Sherwood), and computer use (Chabay & Sherwood, Wilson, Laws). It has already been shown that hand-held devices can play a useful role in providing real-time feedback on multiple-choice concept tests from individual students to instructors. We are interested in exploring the educational value of more sophisticated modes of use in the service of active learning, including student collaboration.

Some examples of modes that we believe could be valuable but which cannot be tried out without significant investment in software and hardware infrastructure include: students could make measurements using an experiment kit and enter data into their hand-helds. The data would then be collected by the instructor’s computer, and compared and contrasted for the class. In some cases, sensors may be connected directly to the hand-held device, something that exists today but which should be networked. A group of students could draw pictures on their hand-held computers in the mode of a common blackboard that facilitates discussion. This is already being done with whiteboards, but can be awkward with most seating arrangements. Group problem solving can be displayed to the whole class and discussed. A related mode is discussion among students or with instructors. It is notoriously hard for students to communicate by email about science questions involving equations. A hand-held with stylus can offer a mechanism for drawing and displaying equations without the extreme awkwardness of using an equation editor. With appropriate networking this would be useful both in large lectures and in synchronous or asynchronous consultations and collaborations outside of class, sometimes in association with a desktop computer. Many other applications, including note-taking, coordination and testing will also be developed, deployed and evaluated.

6. Conclusions

Hand-held devices have the potential to extend the reach of computing beyond the desktop, creating the opportunity for a new level of access to information resources. When supported by wireless networks with on-line access to network resources (in contrast to the prevalent modes of disconnected, synchronized, or dial-up use), hand-held devices will be enabled as full peers within the campus computing environment with full-time access to all information resources. 

The convergence of wireless technology and the explosion in low-cost, high-quality hand-held devices provides the emerging opportunity to address issues surrounding ubiquitous computing and continuous-access group oriented applications. Ubiquitous computing creates the potential to maximize information access and increase productivity of our community members. This generates opportunities to improve upon the success of individual campus units and the university as a whole, as more individuals have access to networked information that is unrestricted by location or physical connection. Further, by integrating hand-held devices as full peers, we are increasing the sheer percentage of the community who can participate in a computing environment (i.e. new users) while simultaneously increasing the amount of time all users can choose to access that environment. The proposed research will answer important research questions necessary for realizing this vision.
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